Introduction
Numerous scientific reports documented that the quality of sow milk plays a major role in the piglets rearing (Szyndler-Nędza et al., 2013; Kim et al., 2018) . Milk fat content, however, may be significant at the rearing only in the first weeks of piglet life (Ren et al., 2017) . It was previously demonstrated that sow colostrum, milk quality and yield depend on many factors, both genetic and environmental, including breed, sow condition, type of feeding, number of nursed piglets, and lactation stage, as well as teat number and structure (Beyga and Rekiel, 2009; Rekiel et al., 2011 Rekiel et al., , 2015 Koska and Eckert, 2016) . Jin et al. (2016) reported no significant differences in the chemical composition of colostrum and milk in gilts fed diets with increased energy levels.
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markedly altered colostrum and milk fatty acid composition. Furthermore, Eastwood et al. (2014) described fatty acid content in colostrum and both, early and late lactation milk, as similar to that of respective gestation dietary profiles.
The findings of Beyer et al. (2007) , King'ori (2012) and Szyndler-Nędza et al. (2013) pointed the effect of feeding sows in early and late pregnancy on the quantity and quality (chemical composition) of the colostrum and milk produced, which are essential for piglet rearing. Gestating gilts and sows should be fed such a dietary energy level as to maintain an optimal body condition and reproductive performance, but should not be overfed or underfed (Wang et al., 2016) .
Recent findings suggest that it is unfavourable to feed sows the same diet during transition and lactation and that either phase feeding or a two component strategy is more optimal (Feyera and Theil, 2017) .
The importance of feeding level in sows, during different phases of gestation was previously demonstrated, indicating that specific nutritional modifications can affect primary: secondary muscle fibres ratio in progeny (Bee, 2004; Cerisuelo et al., 2009) . Ren et al. (2018) reported no differences in numbers of total born piglets from sows offered different levels of feed intake (0.5, 1.0, 1.5 and 2.0 of maintenance energy) during four short (7 days) periods of gestation (in total 28 days). However, both piglet weight at birth and at weaning were maximized at 1.5 level.
Interestingly, extra feed allowance from day 40 to 85 of gestation did not lead to differences in litter size or piglet body weight at farrowing and on day 18 of lactation both in gilts and multiparous sows (Cerisuelo et al., 2009) .
In an interesting review on 'bump feeding' in gilts and sows during late gestation, Gonçalves et al. (2016) underlined that unproportioned increase in the intake of all nutrients leads to inconclusive results in reproductive performance.
The objective of the study was to evaluate the quality of colostrum and milk from sows offered increased dietary allowance during mid-gestation.
Material and methods
The experiment was approved by the Local Ethics Committee for Animal Experimentation (decision No. 5/2010, Poland).
Animals and feeding
Twenty F1 sows (Polish Landrace × Polish Large White) inseminated with the semen of Duroc boars (second reproductive cycle) were randomly assigned to Control and Experimental group, 10 animals per group. Until day 28 of gestation all sows were kept in single crates. From day 29 to 103 sows were moved to group pen for pregnant sows, consuming individual feed ration, dispensed by an automated feeding station (Compident 6, Schauer Agrotronic GmbH, Prambachkirchen, Germany). At day 104 all animals were placed in individual farrowing crates and stayed there till the end of lactation. Throughout the whole gestation and lactation sows were kept on solid floor with shallow straw bedding. Samples of colostrum and milk were taken from all sows in both groups.
During early gestation sows in both groups received the same daily amounts of feed until day 40 (2.3 kg, 29 MJ of metabolizable energy (ME)/d) (Nutritional Recommendations for Pigs, 1993) ( Table 1) . From day 41 to 70 of gestation, the groups were offered different daily feed allowances, according to the following scheme: 2.3 kg/animal/day in Control and increased to 3.0 kg/animal/day in Experimental group. Estimated daily amounts of ME offered in Control and Experimental groups were 29 and 38 MJ, respectively. The diets used in the experiment were two complete balanced mixtures: LP -for pregnant and LK -for lactating sows (12.5 MJ ME/kg) (de heus Polska, Łęczyca, Poland) ( Table 2 ). All sows had ad libitum access to water.
In the periparturient period, different amounts of feed were administered: each animal received 2 kg (25 MJ ME) (LP + wheat bran) from days 111 to 114 of pregnancy; 0.5-1 kg of bran on the farrowing day; and subsequently daily ration each day increased by an average of 1 kg of LK (12.5 MJ ME) for 3-4 days following farrowing.
During lactation, all 20 sows received daily 2 kg of the complete mixture per animal for maintenance, as well as additional 0.5 kg of that mixture for every nursed piglet.
All piglets had access to prestarter mixture from day 10. The individual weighing was performed at days 1 and 21, and at weaning (day 35). The litter control was performed in both groups. 
Samples and analyses
The ingredients and the chemical composition of the mixtures for sows are presented in Table 2 . Basic analyses of the mixtures were performed according to commonly accepted procedures (AOAC International, 2005) .
Samples of colostrum (farrowing day) and milk (day 21 of lactation) were collected from the sows (50 ml/animal) into vessels containing milk preservative (Mlekostat CC, Zekar, Brwinów, Poland). Prior to the collection, the sows were intramuscularly injected with oxytocin (1 ml/100 kg body weight). The somatic cell count (SCC) in colostrum and milk was determined with a Bentley Somacount 150 (Bentley Polska, Warsaw, Poland). The collected samples were analysed for total chemical composition and the content of solids, protein, fat and lactose with use of infrared spectrophotometer Milkoscan FT 120 (Foss Electric, Warsaw, Poland).
Fatty acids were extracted from the colostrum and milk according to the Rose-Gottlieb method (AOAC International, 2005) , in which protein was dissolved in 25% ammonia solution and fat extracted with organic solvents. Ethyl esters were separated by gas chromatography. The gas chromatograph (Hewlett Packard 6890 Series GC, Perlan Technologies, Warsaw, Poland) was equipped with flame ionization detector (FID) and capillary column HP 23 (Perlan Technologies, Warsaw, Poland) (length: 60 m, diameter: 0.25 mm, film: 0.15 µm). The temperature profile of the analysis was: initial temperature 130 °C for 1 min, 5.5 °C/min up to 175 °C for 10 min, 2.8 °C/ min up to 230 ° C for 15 min. Total analysis time was 54 min.
The fatty acid profile was determined, and the % values were given for: − saturated fatty acids (SFA): C14:0, C16:0, C18:0, − monounsaturated fatty acids (MUFA): C16:1, C18:1 n9, C20:1 n9, − polyunsaturated fatty acids n3 (PUFA n3): C18:3 n3, C20:4 n3, C20:5 n3, C22:5 n3, C22:6 n3, − polyunsaturated fatty acids n6 (PUFA n6): C18:2 n6, C18:3 n6.
Statistical analysis
The results were statistically analysed using a SPSS Statistics 24 (IBM Polska, Warsaw, Poland). SCC was transformed using logarithmic function.
Normality of the variables was tested using ShapiroWilk test. Since the distributions were not normal, the groups were compared with the use of non-parametric U-Mann Whitney test. This test compares distributions of the variables based on sums of ranks of the observations. The tables present means and standard deviations. The differences were considered significant at P < 0.05 and the tendency was stated when 0.05 < P < 0.1.
Results
In sows from Experimental group fat content (P = 0.03) in colostrum was higher than that in Control (Table 3 ). The SCC logarithm differed significantly between groups (P = 0.003) and was higher in the Experimental group. The analyses confirmed that the milk (content of solids and fat) of sows from Experimental group did not differ from the Control group (Table 3) . Higher lactose content was determined in the milk of sows from Control group (P = 0.007), whereas a tendency to higher protein content was noted in the Experimental group (P = 0.054). Moreover, there were found differences in the natural logarithm of SCC in milk and colostrum (P = 0.03) -the values were higher in Experimental group. No significant differences were observed in the fatty acid profile of colostrum. However in the Experimental group C14:0 and C16:1 were higher (P = 0.027 and P = 0.021, respectively; Table 4 ). There were also observable tendencies in lower proportion of C18:0, C18:1 n9 and C18:2 n6 in the Experimental group (P = 0.066, P = 0.93 and P = 0.083, respectively).
The SFA and MUFA proportions in milk were comparable between the groups except C18:0 (decreased in Experimental group, P = 0.021) ( Table 5 ). The proportion of PUFA n6 was higher in Experimental group than in Control one (P = 0.005) mainly due to the higher proportion of C18:2 n6 found in the milk of Experimental sows (P = 0.005). The proportion of PUFA n3 in milk was almost similar between the groups. The proportion of total PUFA was lower in the milk of Control sows in comparison to Experimental (P = 0.004).
Number of piglets at days 1 and 21 of age and body weight of piglets at day 1 of age did not differ between groups (Table 6 ). Body weight of piglets at day 21 of age (P = 0.081) and piglet daily body weight gain (P = 0.072) in Experimental group tended to be higher as compared to Control group.
Discussion
Feeding female animals is reflected in their condition including body fat and protein reserves and body weight (Rekiel et al., 2016) . The latter contributes to the amount of milk produced, especially in the early lactation period (Beyer et al., 2007; Yang et al., 2008; Beyga and Rekiel, 2009; King'ori, 2012) . Feeding pregnant and nursing sows mixtures (Tilton et al., 1999; Cordero et al., 2011; Szyndler-Nędza et al., 2013 ). The consequence of such feeding is not only a higher neonatal weight but a higher growth rate of piglets in the first weeks of life, which is determined by birth weight and colostrum and milk quality (Lauridsen and Jensen, 2007; Yang et al., 2008; Cordero et al., 2011) . Also in the present study the increased feed allowance during mid-gestation influenced colostrum and milk content with tendencies observed in piglet performance. Our results are in agreement with previously published data (Wang et al., 2016) , reporting that increasing the feeding level of sows to 3 kg feed/day from days 41 to 70 of pregnancy resulted in higher fat content in the colostrum. This effect can be considered beneficial, in regard to previously reported positive association of the sow colostrum fat level with body weight, growth rate and lower mortality in piglets (Skrzypczak et al., 2015) . Modification of the pregnant sow diets in our study had also a positive effect on the quality of milk. Although fat content was not increased like in the colostrum, tendency in higher protein content was stated. This effect was probably due to the beneficial changes in the energy and protein reserves of mothers receiving higher energy diets. On the other hand the lactose content was decreased in the Experimental group in comparison to Control. Revell et al. (1998) , Rekiel et al. (2015) , Koska and Eckert (2016) reported that milk lactose content is strictly related to the fatness of sows, but their results were inconsistent. In fatter sows, Revell et al. (1998) found lower milk lactose levels than those in thinner sows. On the other hand, the findings of Rekiel et al. (2015) and Koska and Eckert (2016) indicated that females with greater fat reserves produce milk with a higher lactose content. In the present study the lactose content was higher in the milk of sows from the Control group; however the fatness of the sows was not measured.
The SCC values obtained in the current experiment can be considered beneficial (Beyga and Rekiel, 2009) although the SCC in the colostrum and milk of sows from the Experimental group were higher than in Control. Indeed, Szyndler-Nędza et al. (2013) observed no relationship between SCC and rearing piglet performance.
Besides chemical composition, the examined diet modification of pregnant sows influenced fatty acid profiles of colostrum and milk. In our study, sows in mid-pregnancy fed higher energy diet produced colostrum with higher content of C14:0 and C16:1 but no difference in total content of SFA, MUFA and PUFA was stated. On the other hand, in the milk a higher content of linoleic acid (C18:2 n6) was observed in sows fed diet with increased feed allowance, and so the total PUFA n6 content was stated to be higher. The fatty acids profile of colostrum and milk is crucial as high PUFA content has a positive effect on piglet immunity, survival and rearing performance (Bassaganya-Riera et al., 2001 ). The effect of sow nutrition on the fatty acid profile of colostrum and milk has been already stated by Tilton et al. (1999) , Barowicz et al. (2002) or Cordero et al. (2011) . However attention should be given to the dynamic changes in the fatty acid profile during lactation, especially to the content of the essential fatty acids (EFA): linoleic acid (C18:2 n6) and alphalinolenic acid (C18:3 n3), from which fatty acids with longer carbon chains are formed in animal tissues such as arachidonic acid (C20:4 n6), eicosapentaneoic acid (C22:5 n3) and docosahexaenoic acids (C24:6 n3), crucial for the development of the body immunity (Averette et al., 1999) . Feeding sows with fat-enriched diets, Tilton et al. (1999) observed an increase in the level of MUFA (in particular C18:1) and PUFA (C18:2, C18:3 and C20:4). After feeding late-pregnant sows with linoleic acid, Barowicz et al. (2002) found their colostrum and milk to have lower content of unsaturated fatty acids and an increased level of MUFA.
Body weight of piglets at 21 day of age and piglet daily body weight gain in the Experimental group tended to be higher than that in Control. Inconsistent results, however, were recently reported by Ren et al. (2017) . Increased feeding of sows in a three short periods of gestation led to lower piglet weight and average weight gain at weaning. This might indicate that milking capacity was not affected by sow feeding level in gestation.
Comparing different standards of sow feeding, regarding the ME requirements, it was stated that results of the present study correspond well with the Nutrient Requirements and Nutritional Values of Feeds for Swine (2015) .
Conclusions
It can be stated that increasing the feeding level of sows to 3 kg feed/day from 41 to 70 days of pregnancy could be favourable due to the more beneficial chemical composition and fatty acid profile of colostrum and milk. Moreover, the tendency to improve piglet growth performance can be observed.
